Background: Primary pulmonary angiosarcoma is extremely rare and the prognosis is very poor. We report a combination therapy of pneumonectomy and intrapleural hypotonic hyperthermic chemotherapy (IPHHC). Case report: A 48-year-old male with exertional dyspnea was found to have a left massive pleural effusion. Bronchoscopic examination displayed endobronchial stenosis of the left lower bronchus B 8,9,10 and diagnosed with pulmonary angiosarcoma. Chest computedtomographic scanning revealed a 5-cm mass in the left inferior lobe, which invaded the left upper bronchus. Intrapleural dissemination and malignant pleural effusion were also suspected (cT3N1M1a, c-stage IV). As a palliative initial therapy, we performed a pneumonectomy. On the 7 th postoperative day, under general anesthesia, we performed video-assisted IPHHC (43˚C, 60 min, 200 mg/m 2 of CDDP). After the IPHHC, there was no major adverse event (more than Grade 3) during the postoperative course. Histological examination of the resected specimen revealed a highly-cellular growth of atypical spindle cells with a storiform pattern. By immunohistochemical testing, the tumor cells stained positive for markers including CD31 and the factor VIII related antigen, and the diagnosis of pulmonary angiosarcoma was made. No adjuvant chemoradiotherapy was given, and the postoperative clinical course was uneventful. Although there had been a recurrence in the chest wall, the patient eventually died twenty-one months later. Conclusion: As a new therapeutic option, we performed IPHHC after the pneumonectomy for an advanced pulmonary angiosarcoma with malignant pleural effusion. Although the patient had a recurrence in the chest * Corresponding author.
Introduction
Primary pulmonary angiosarcoma is extremely rare and the prognosis is very poor. It can arise in any part of the body, such as the skin, heart, liver and breast [1] . The pulmonary angiosarcoma is usually the result of a metastatic disease, and its clinical features and the treatment course in the lung are not well known. Primary pulmonary angiosarcoma is characterized by an insidious growth with the tumor usually showing an extensive local invasion and haematogenous metastases by the time of presentation [2] . Early diagnosis is very rare because of a low recognition of differential diagnosis and a low grade of experience. Pulmonary angiosarcoma has a high rate of recurrence and is frequently disseminated at the time of diagnosis. As the tumor is foundinan advanced stage, it is difficult to make the appropriate radical treatment. There is no effective therapy except surgical resection of the pulmonary angiosarcoma. Chemotherapy and radiation therapy cannot be expected for the most effective therapy, however, multimodality therapy should be performed to manage the disease-control.
As a traditional therapeutic option for patients with malignant pleuritis, we developed intrapleural hyperthermic perfusion with chemotherapy (IPHC) using hyperthermic perfusion [3] [4] . The effectiveness of this traditional treatment was previously reported [3] [4] . IPHC, which includes the administration of cisplatin, resulted in enhanced anti-tumor effects [3] . For the present case, there was no curative treatment for the advanced pulmonary angiosarcoma with malignant pleural effusion, thus, we initially performed a palliative surgical resection of pneumonectomyin order to reduce the sarcoma-tumor volume. Next, instead of our traditional IPHC, as a new therapeutic option, we performed intrapleural hypotonic hyperthermic chemotherapy (IPHHC). The traditional IPHC regimen used an isotonic saline solution containing of cisplatin. On the other hand, in the case of the new IPHHC, instead of using a saline solution, we used distilled water for the dilution of cisplatin, which we expected to have an anti-tumor effect for the hypotonic cisplatin treatment [5] . According to Ichinose's experimental data [6] , the hypotonic cisplatin solution showed a significantly stronger antitumor activity than the isotonic cisplatin solution.
The new IPHHC therapy had not been performed for lung cancer and malignant pleural mesothelioma by our department. For the first trial, we performed the new IPHHC treatment and we reported the results and the postoperative good outcome of the preserved quality of life and that a longer survival had been obtained.
Case Report
In June 2010, a 48-year-old male with exertional dyspnea was admitted to a hospital and a left massive pleural effusion was indicated on X-ray film (Figure 1) . A chest drainage tube was inserted and hemorrhagic effusion was confirmed with a total volume of 1500 ml. However, the cytological examination showed no malignancy. A bronchoscopic examination revealed endobronchial stenosis of the left lower bronchus B 8, 9, 10 (Figure 2(A) ) and slight discontinuous bleeding; the biopsy resulted in the diagnosis of pulmonary angiosarcoma. Extrabronchial invasion was suspected at the left main endobronchial membraneous portion (Figure 2(B) ). In the right B 6 (Figure 2(C) ), a squamous cell carcinoma in situ was pathologically diagnosed, which had been under observation.
He was admitted to our hospital to receive a detailed examination and appropriate treatment. The results of the peripheral blood cells counts and biochemistry examinations were within normal limits. Tumor markers, including the carcinoembryonicantigen, cytokeratin 19 fragment and pro-gastrin-releasing peptide, were also within normal limits. Chest computed-tomographic scanning displayed a 5-cm mass in the left inferior lobe (Figure 3(A) ), which obstructed the left lower endbronchus, and the lower lobe, except for the S6 segmental le- sion, consisted of athelectasis and lymph nodal metastasis (N1+) (Figure 3(B) ). The tumor was heterogeneously enhanced by a contrast agent, which continuously invaded the lingular segment of the left upper bronchus and the hilar lymph nodes, and which findings were suspected to invade the left upper lobe. Intrapleural dissemination and malignant pleural effusion were also suspected (cT3N1M1a, c-stage IV). Position emission topography displayed abnormal accumulations of the left hilar lymph nodes and the tumor in the basal part of the left inferior lobe (maximal standardized uptake valuemax, early: 7.0, delay: 9.1). There was no systemic distant metastasis.
As a palliative therapy, surgical resection with pneumonectomy for the primary pulmonary angiosarcoma and intrapleural hypotonic hyperthermic chemotherapy (IPHHC) were scheduled. The patient signed an informed consent. In November 2010, under general anesthesia, one-lung ventilation, after the left open thoracotomy at the 5 th intercostal space, the intraoperative cytology of pleural effusion resulted in a negative malignancy findings. Prompt intraoperative pathological examination showed a positive malignancy at the edge of the bronchial stump and disclosed tumor-cell-invasions of the pericardial fat tissue and pleura. The picking-up of mediastinal lymph nodes (station #8) showed a positive metastasis (N2+, pT3N2M1a, p-stage IV). Although the patient had suffered small daily discontinuous hemoptysis, we performed a left pneumonectomy to remove the pulmonary tumorous bleeding origin. We performed a blood transfusion of red cell concentrates of mannitol adenine phosphate (4 units) and fresh-frozen plasma (2 units). The specimen showed a pleural dissemination of the surface of the resected lung (Figure 4 (A) and Figure 4 
(B)).
On the 7 th postoperative day after the initial pneumonectomy operation, we performed IPHHC (43˚C, 60 min, 200 mg/m 2 of CDDP), the therapy of which was based on the modified methods from the previous reports of Matzuzaki et al. [3] [4] . Under general anesthesia, IPHHC was performed under video-assisted thoracic surgery. After removal of the thoracic drainage tube, a thoracovideoscope was inserted in the left pleural cavity. Prior to the hyperthermic perfusion therapy in the left empty thorax, the postoperative residual hematoma and pleural effusion containing tumor cells were removed as much as possible, then two inflow and outflow tubes were placed in the pleural cavity, which were connected to a specially devised circuit (modified CRPH-3000C, MERA, Ltd.). As previously reported [3] [4], with traditional IPHC therapy, the thoracic cavity is irrigated for 2 hours with a 43˚C isotonic saline solution (3000 mL) containing 200 mg/m 2 of CDDP. In the newly developed therapy of IPHHC, we used distilled water (as a hypotonic dilution solution) instead of an isotonic saline solution, which modified the perfusion method is called intrapleural hyotonic hyperthermic chemotherapy (IPHHC). The IPHHC was performed using almost the same method as in Matsuzaki et al.'s previous reports [3] except for the use of distilled water instead of a saline solution, which was expected to have a triple synergistic effectiveness of hypotonic, cisplatin-cytotoxic and hypertherrmic anti-tumor effects on the tumor cells, which is a new therapeutic concept based on the combination of Matsuzaki et al.'s [3] and Ichinose et al.'s [5] reports. The thoracic cavity was irrigated for 1 h with a 43˚C hypotonic solution (3000 mL) containing 200 mg/m 2 of CDDP ( Figure 5 (A) and Figure 5(B) ). At the end of the perfusion, all fluids in the thoracic cavity were removed. The cytologies of the pleural effusion before and after the IPHHC both showed negative findings of malignant cells. After the IPHHC treatment, there was no major adverse event (more than Grade 3) in the postoperative course. There had been observed a Grade 2 anemia and Grade 1 liver dysfunction. On the postoperative Day 14, the thoracic drainage tube was removed, and the cytology of the drainage effusion showed a negative finding of malignant cells. The in situ squamous cell carcinoma in the right endobronchus had been under observation. Histological examination of the resected specimen revealed a highly-cellular growth of atypical spindle cells with a storiform pattern (Figure 6(A) ). These atypical cells showed a relatively low mitotic activity. There was extensive intra-alveolar hemorrhage. Upon immunohistochemical testing using a standard avidin-biotin technique, the tumor cells stained positively for markers including CD31 (Figure 6(B) ) and the factor VIII related antigen (vVF/Factor VIII) (Figure 6(C) ), and negative for the anti-cytokeratin (CK7, CK20), CD34, D2-40, epithelial membrane antigen, smooth muscle actin, surfactant AP, and HMB45. The diagnosis of the primary pulmonary angiosarcoma was made. The postoperative clinical course was uneventful.
No adjuvant chemoradiation therapy was given and he returned to work as a self-employed person. The patient had a good, preserved quality of life and longer postoperative lifetime, however, there had been a recurrence in the chest wall. He eventually died twenty-one months later.
Discussion
Primary pulmonary angiosarcoma is extremely rare. Angiosarcoma is a type of malignant vascular tumor characterized by the proliferation of neoplastic cells with vascular endothelial features, accounting for only 1% -2% of all soft tissue sarcomas [1] . An angiosarcoma found in the lung most likely represents metastasis from a primary tumor of the skin, heart, breast, and liver [1] . We found two review reports in the English literature [7] [8] . Based on these reports, we reconstructed the listed cases and added our case, which consisted of a total of 22 cases as shown in Table 1 [2] [7] [9]- [27] . From the review summary of Table 1 , epidemiologically, the mean average age was 52.1 ± 14.2-year-old (range, 23 -79). Twenty males (90.9%) were affected more often than two females (9.1%) by a ratio of 10:1. The characteristics of the clinical symptom are related to respiratory problems, that is hemoptysis, chest pain, dyspnea, and cough. Hemoptysis was found in 10 cases (45.4%).
A definitive diagnosis of the pulmonary angiosarcoma was made on the basis of our histopathological and immunohistochemical findings [28] . At first, a bronchoscope, and if possible, a surgical biopsy, are the most effective diagnostic methods. Histologically, these tumors are characterized by infiltrative lesions composed of sheets of large oval or round cells with abundant eosinophilic nucleoli. Althought cytological atypia is present, the tumor cells are relatively monomorphic. Mitosis, necrosis and haemorrhage are common findings. An immunohistochemical examination was essential for the diagnosis; the neoplastic cells showed a reactivity for endothelial cell markers (CD31, CD34, factor VIII and Ulex europaeus agglutinin I), epithelial markers (cytokeratins and sometimes EMA) and vimentin [25] .
For the treatment and prognosis, there have been few reports of an effective treatment for this pulmonary angiosarcoma. Surgical resection, radiation, chemotherapy and immunotherapy have all been attempted ( Table 1) , but none of them have been shown to be significantly effective [19] [22] . Surgery has been the main treatment, even though this highly aggressive tumor is usually inoperative at the time of diagnosis [17] [29] . Several pre- vious studies have demonstrated that angiosarcoma is radiosensitive [17] . Chemotherapy is almost exclusively used as a palliative treatment. Clinical responses have been associated with various chemotherapeutics, the most common regimens were doxorubicine, ifosfamide, taxanes and sorafenib [30] - [33] . Therapeutic modalities, such as radiotherapy, as angiosarcomas have been found to be radiosensitive, while chemotherapy has also been described [24] . In addition, our case had a 21-month long survival, however, Wilson et al. reported a longer survival of 39 months [25] . Wilson et al. reported a complete radiographic response by adjuvant chemotherapy of gemcitabine and taxotere for the recurrence of multiple bone metastases after a left upper lobectomy for the N2-IIIA stage of pulmonary angiosarcoma [25] . There was a difference in the treatment modality, surgical procedure and adjuvant therapy between the two cases, at least, not only surgery, but also adjuvant therapy should be done to extend the patient's survival. The systemic administration of high doses of recombinant interleukin 2 (rIL-2) seems to have been effective [17] . However, there is no known treatment to be totally effective. To date, multimodality therapy, such as surgery for resectable tumors, radiotherapy, chemotherapy and immunotherapy, should be performed to provide a good disease-control.
Unfortunately, the prognosis of pulmonary angiosarcoma is very poor and the mortality is very high. After the diagnosis of the angiosarcoma, and any treatment, almost all patients are dead within one year [17] [22] [32] [34] . Based on our review (Table 1) , the median overall survival was 8.0 months (160 months, n = 20). However, patients who underwent surgery had a longer median survival of 12.6 months (113 months, n = 9).
As a palliative therapy, we performed IPHHC after a pneumonoectomy for the advanced pulmonary angiosarcoma with malignant effusion. In cases of advanced lung cancer with malignant effusion, to control the pleural effusion and to preserve the patient's better quality of life, we sometimes performed a traditional intrapleural hyperthermic chemotherapy (IPHC) as a palliative therapy [3] [4] . Regarding the IPHHC therapy, there have been no previous reports. For the traditional IPHC treatment, there is also no appropriate clinical trial for the tumor response rate and overall survival. This time, the new IPHHC was our first clinical practice for thoracic malignant diseases involving of pulmonary angiosarcoma.
Generally, the aim of the traditional IPHC is the synergistic effectiveness of both the anti-tumor effect of cisplatin and hyperthermic damage to malignant tumor cells. On the other hand, the aim of the new IPHHC is the synergistic effectiveness of the triple concept of hypotonic, hyperthermic, and anti-tumor effects for malignant tumor cells. Based on this concept, a clinical trial of IPHC and/or IPHHC treatments should be considered in the future. However, clinically, in practice, the IPHC therapy has been performed for unresectable tumors with malignant pleural effusion, even though which therapy should become one of the expected therapies for sarcomapatients with no effective therapy has not been determined. There are no reports of IPHHC for pulmonary angiosarcoma, however, this treatment strategy might be applicable for other forms of cancer except for lung cancer.
For the anti-cancer effectiveness of hyperthermia, generally, 1) tumor cells have a high hyperthermic sensitivity compared to those of normal cells, 2) tumor tissues have a high hyperthermic sensitivity selectively dependent on the specificity of the surrounding tissue-environment (low pH, hypoxic, fragility of tumor angiogenesis), 3) high hyperthermic sensitivity in the latter phase of synthesis in the cell cycle, and 4) enhancement of the sensitivity of anti-cancer drugs for cancer cells have been performed as a combination therapy with radiation and chemotherapy.
On the other hand, for the anti-cancer effectiveness of the hypotonic solution perfusion with cisplatin, the hypotonic cisplatin solution demonstrated a significantly greater anti-tumor activity than isotonic cisplatin [6] . The intrapleural hypotonic cisplatin solution environment should damage both the tumor and normal cells compared to the intrathoracic isotonic surroundings. Because the difference inosmotic pressure on the outside and inside of the tumor cell membrane, water and cisplatin are thought to easily enter the tumor cell, which should have resulted in much higher cell-toxicity, in addition, this hyperthermic condition should also produce much stronger synergistic anti-tumor effects.
The mechanism by which the hypotonic cisplatin treatment shows an anti-tumor effect is considered as follows: 1) distilled water itself has a direct cytotoxicity; 2) tumor cells exposed to the hypotonic cisplatin increase their cellular cisplatin level since the cells become swollen by the hypotonic solution; and 3) species such as chloro-aqua and diaqua, which are formed by the hydrolysis of cisplatin in the distilled water, are also believed to be active anti-tumor agents. Thus, the intrapleural hypotonic cisplatin treatment using cisplatin and distilled water is thought to have a synergistic anti-tumor effect which might result in a high local control rate and the disappearance of cancer cells in the drainage fluid after the operation in patients with carcinomatous pleuritis found during a thoracotomy.
We performed a palliative pneumonectomy of unresectable pulmonary angiosarcoma. The reason was to reduce the angiosarcoma volume and to prevent lethal pulmonary bleeding from the tumor. Because there were few effective therapies for pulmonary angiosarcoma, we selected a combination therapy of palliative surgical resection and IPHHC. For the residual disseminated intrathoracic sarcoma cells, as a local intrathoracic therapy, in addition to the effect of hyperthermic damage and sarcoma-cell cell injury, we used the perfusion solution of distilled water. During the postoperative hospitalization, there was no significant adverse event more than Grade 3. The patient's survival after the treatment was 21 months, as a palliative and intrapleural local therapy for thoracic malignancies with pleural effusion, the IPHHC therapy should be one of the considered therapies.
Conclusion
For the treatment of primary pulmonary angiosarcoma, there are few therapies except for surgery, as there has been reported to be almost no effectiveness of chemotherapy and irradiation therapy. However, we performed a palliative pneumonectomy of advanced pulmonary angiosarcoma with malignant pleural effusion and IPHHC treatment. Although the patient had a postoperative recurrence in the chest wall, he had a reasonable postoperative outcome such as temporary preservation of his quality of life and a longer survival of 21 months in spite of the poor prognosis.
